Introduction: Data about the prevalence of the A2142C, A2142G, and A2143G mutations in 23S rRNA gene is still limited. The aim of this study was to determine the prevalence of these mutations in 23S rRNA gene of H. pylori vietnamese strains. Methodology: One hundred and sixty-nine patients with H. pylori-positive chronic gastritis were examined. H. pylori was detected by rapid urease test and Polymerase chain reaction (PCR). Total DNA was extracted from gastric biopsy specimens. A2142C, A2142G, and A2143G mutations were detected by DNA sequencing and PCR-restriction fragment length polymorphism (PCR-RFLP). Results: A2143G mutation was detected in 36.1% of samples, A2142G mutation in 3.6%, while A2142C mutation was not found in any case. The mixture of wild-type and mutation strains was found in 50% of specimens with A2142G, in 23% of specimens with A2143G mutation. There was no association of 23S rRNA gene point mutations with gender or age. However, an association between the heterogeneity of mutation and age was evidenced, with mean age of the group of pure A2143G higher than the group of wild-type/A2143G mixture, and rate of the wildtype/A2143G mixture higher in patients under 40 years of age. Conclusion: A2143G mutation was prominent, while A2142C mutation was not found in the 23S rRNA gene. PCR-RFLP has revealed a reliable assay allowing a rapid and cost-effective detection of clarithromycin-resistant strains. This is useful in countries as Vietnam with high prevalence of clarithromycin-resistance before choosing optimal therapy for H. pylori eradication.
Introduction
Helicobacter pylori (H. pylori) infection plays a major role in gastroduodenal diseases, and represents the primary cause of gastric cancer among patients with chronic gastritis. Clarithromycin is a key antibiotic in the standard triple therapy for eradication of H. pylori [1] . However, resistance against clarithromycin is increasing worldwide, reducing the success rate of standard triple therapies to mean values as low as 18% to 44% [2] . The diagnosis of clarithromycin-resistant H. pylori in patients with chronic gastritis is essential in order to select an effective therapy for eradication treatment. Clarithromycin-resistant H. pylori relying on antimicrobial susceptibility tests as disk diffusion or Etest, requires further subculturing steps for several days [3] and the successful rate varies on laboratories. In 1996, Versalovic observed the association of mutations at domain V of 23S rRNA gene with the status of clarithromycin resistance in strains of H. pylori [4] . These mutations are known as A2142G and A2143G, defined by Taylor et al. in 1997 [5] , which represent nowadays the molecular basis of the diagnosis of clarithromycin-resistant H. pylori through genotyping techniques. Recently, the mutations at 2142 and 2143 positions of 23S rRNA gene were responsible for more than 90% of clarithromycin resistance in developed countries [6] , with the predominance of A2143G, A2142G and A2142C.
The prevalence of H. pylori infection in Vietnam is particularly high (74.6% of population) [7] and Vietnam is a country with an intermediate gastric cancer risk [8] . For this reason a successful eradication therapy appears essential not only to reduce the risk of developing gastric cancer but also to treat other related disorders.
The rate of clarithromycin resistance varies across our country, being 33% in two big cities (Ho Chi Minh city in the South Vietnam and Hanoi in the North Vietnam) [9] and 42.4% (35 out of 35 strains with A2143G mutation) in central Vietnam [10] . In a previous study we highlighted a high rate of primary and secondary resistance to clarithromycin in the central region of Vietnam precluding the use of this drug for the treatment of H. pylori infection [11] . Its detection and surveillance is therefore mandatory in order to adapt the antibiotic combination to local resistance patterns. Data about the prevalence of the A2142C, A2142G, and A2143G mutations in 23S rRNA gene associated to clarithromycin resistance in Vietnam is still limited. For this reason, the aim of our study was to determine the prevalence of clarithromycin-resistance among H. pylori isolates in Vietnamese patients with chronic gastritis via the detection of mutations at 2142 and 2143 positions of domain V of 23S rRNA gene by using DNA sequencing and PCR-restriction fragment length polymorphism (PCR-RFLP) on DNA extracted from gastric biopsy specimens. Early detection of clarithromycin-resistance is necessary to select an optimal H. pylori eradication therapy.
Methodology

Case selection
Gastric biopsy specimens were obtained from patients with chronic gastritis via endoscopy at the Gastrointestinal Endoscopy Center, Hue University Hospital, Vietnam, between 2015 and 2016. Exclusion criteria were: treatment with antibiotics within 4 weeks prior to endoscopy, taking any PPI or H2-blocker within 2 weeks prior to endoscopy, and history of antibiotic allergy. All participants signed the informed consent forms and our study was approved by the Ethics Committee of Hue University of Medicine and Pharmacy of Vietnam, under ethics certificate THH.2013-KC.09.
The H. pylori infection was screened by rapid urease test (RUT) on biopsy specimens. One hundred and eighty DNA samples were extracted from RUTpositive gastric biopsy specimens using Wizard Genomic DNA purification Kit (Promega, Madison, Wisconsin, USA), and H. pylori infection was confirmed by PCR using primers 5'-AAGCTTTTAGGGGTGTTAGGGGTTT-3' (ureC-F) and 5'-AAGCTTACTTTCTAACACTAACGC-3' (ureC-R) targeting urease C (ureC) gene [12] . The amplification reaction was carried out in a final volume of 25 µL containing 12.5 µL of GoTaq Green MasterMix 2X (Promega, Madison, Wisconsin, USA), 10 pmol each of the primers and 100 ng of extracted DNA. The amplification reaction was performed in Applied Biosystems 2720 Thermocycler with an initial denaturation step of 95°C for 5 minutes followed by 30 cycles of 95°C for 1 minute, 55°C for 1 minute, 72°C for 1 minute; and a final cycle at 72°C for 8 minutes. The amplicons were analyzed by electrophoresis on a 1% agarose gel stained with RedView. The PCR yielded a fragment of 294 bp. All PCR reactions were conducted with a negative and a positive control corresponding to, sterile water and DNA extracted from previously H. pylori ureC gene positive gastric biopsies, respectively.
One hundred and sixty-nine H. pylori-positive samples were confirmed by PCR amplification of ureC gene.
Detection of mutations at domain V of 23S rRNA by DNA sequencing
DNA sequencing of domain V of 23S rRNA gene corresponding to nucleotides 2103 to 2709 (GenBank U27270.1) was performed on H. pylori-positive DNA samples. A fragment corresponding to nucleotides 1980 to 2692 was amplified using the universal 23S rRNA primers DoV-F:5'-GTAAACGGCGGCCGTAACTA-3' and DoV-R:5'-GACCGAACTGTCTCACGACG-3' previously described by Jensen et al. [13] . The conditions were following: an initial denaturation step of 95°C for 5 minutes, then 30 cycles of 95°C for 1 minute, 55°C for 1 minute, 72°C for 1 minute 30 seconds, and a final cycle at 72°C for 8 minutes. All amplicons were sequenced with forward primer (DoV-F) by Sanger method to assess the validity of the RFLP results and to characterize sequence variation. Sequencing was performed at First BASE Laboratory (Selangor, Malaysia), using BigDye Terminator v3.1 kit with standard protocol in ABI PRISM 3730xl Genetic Analyser developed by Applied Biosystems. Sequence alignment analyses were performed by using Basic Local Alignment Search Tool (BLAST). The nucleotide sequence of H. pylori 23S rRNA gene, publicly available on GenBank database with accession number U27270.1, was used as reference sequence ( Figure 1 ).
Determination of A2142C, A2142G and A2143G mutations at domain V of 23S rRNA by PCR-RFLP
H. pylori-positive DNA samples were subjected to PCR-RFLP to detect A2142G, A2143G and A2142C nucleotide mutations with the modified Menard's protocol. A 267-bp fragment corresponding to nucleotides 1931 to 2197 of 23S rRNA (GenBank U27270.1) was amplified using primers HPY-S: 5′-AGGTTAAGAGGATGCGTCAGTC-3′ and HPY-A: 5′-CGCATGATATTCCCATTAGCAGT-3′ [14] . PCR conditions were following: an initial denaturation of 95°C for 5 min followed by 30 cycles of 94°C for 1 minute, 52°C for 1 minute, 72°C for 1 minute 30 seconds; and the final cycle at 72°C for 8 minutes.
5 µL of each amplified DNA fragment (267-bp) was digested overnight in 20 µL with the restriction enzymes BpiI (10 U, Thermo Fisher Scientific, Vilnius, Lithuania), Eco31I (10 U, Thermo Fisher Scientific, Vilnius, Lithuania), and BceAI (1 U, New England Biolabs, Ipswich, Masachussetts, USA) for identifying A2142G, A2143G and A2142C mutations in the domain V of 23S rDNA, respectively.
The digested products were analyzed by electrophoresis on a 2.5% agarose gel stained with RedView, 100-bp DNA Molecular ruler (BioRad, Hercules, California, USA) was used as reference size marker. The sizes of digested products were previously described by Menard et al (2002) [14] as follows: A2142G mutation generates a BpiI recognition site on the 267-bp PCR products, yielding two fragments of 219 bp and 48 bp, while A2143G mutation generates a Eco31I recognition site on the 267-bp PCR products, yielding two fragments of 207 bp and 60 bp. The enzyme BceAI recognizes two restriction sites 5'-ACGGC(N)12N-3' and 5'-N(N)14GCCGT-3' on the 267-bp products of H. pylori strains without A2142C mutation, yielding fragments of 195 bp, 48 bp, 24 bp; this enzyme also recognizes one more restriction site corresponding to A2142C mutation and digests the 195-bp fragment into 153-bp and 42-bp products [14] .
Determination of the heterogeneity of mutation (wildtype/mutant mixture)
The heterogeneity of mutation (wild-type/mutation mixture) was detected by two different genotypes of H. pylori populations within a gastric biopsy specimen. It was indicated by two peaks of fluorescent signal at the same site in the sequencing trace, and by the combination of DNA bands corresponding to both wildtype and mutant strains after electrophoresis on 2.5% agarose gel.
Statistical analysis
Statistical analysis was performed using Medcalc 12.0 and VassarStats (Website for Statistical Computation). The prevalence of 23S rRNA clarithromycin-resistant mutations was calculated for overall study group, by age categories (< 40 years old;  40 years old), and by gender. The mean age was calculated for all types of mutation. The associations between mutations and gender or age were determined by comparing rates using the Chi square test or Fisher's exact test. The Student's t test was used for comparison between means.
Results
Among 180 RUT-positive samples, 169 samples were confirmed H. pylori infection by PCR assay with ureC-specific primers. These 169 samples were performed the sequence analysis of 23S rRNA domain V and the PCR-RFLP assay on DNA extracted from gastric biopsy specimens in order to detect mutations associated with clarithromycin resistance (Figure 2 ). The BLAST with 23S rRNA sequence of H. pylori strain U27270.1 and the analysis of peaks of fluorescent signal in Sanger sequencing traces were done to identify mutations. Simultaneously, the analysis of DNA bands on 2.5% agarose gel after electrophoresis of digested products was done to identify A2142G, A2143G and A2142C mutations. Samples with single genotype at 2142 and 2143 positions of 23S rRNA domain V were recognized by images of one peak at these positions in sequencing traces. Samples with the heterogeneity were recognized by images of two peaks (A and G) at the same position (2142 or 2143). The PCR-RFLP yielded suitable DNA bands after electrophoresis on 2.5% agarose gel stained RedView. The wild type was identified by the presence of 267-bp fragments undigested by BpiI and Eco31I; and the presence of 195-bp fragment created from digested reaction by BceAI. The A2142G mutation was identified by the presence of 219-bp fragment created from digested reaction by BpiI. The A2143G mutation was identified by the presence of 207-bp fragment created from digested reaction by Eco31I. The heterogeneity was identified by the combination of digested and undigested DNA fragments. The A2142G and A2143G mutations as well as the heterogeneity were detected by both above methods with an absolute concordance in all 169 samples (kappa  = 1, 95% CI: 0.9723 -1).
Overall, A2142G and A2143G mutations were found in 3.6% (6 out of 169) and 36.1% (61 out of 169), respectively. On the contrary, neither A2142C mutation nor a combination of A2142G and A2143G were detected in our study group.
Both PCR-RFLP and sequence analysis revealed the presence of mixed samples of wild type and mutant type with an overall rate of 25% (17 out of 67). The rate of wild-type/A2142G mutant mixture was 50% (3 out of 6) of samples with A2142G mutation. The rate of wild-type/A2143G mutant mixture was found in 23% (14 out of 61) of samples with A2143G mutation.
The mean age of study cases was 43.8  13.0 years, with 34.3% under 40 years and 65.7% of 40 years or older. 52.7% were men and 47.3% were women. Mean ages of A2142G mutation, A2143G mutation and wild- 
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type groups were 51.8  13.9 years, 44.9  13.4 years and 42.7  12.5 years, respectively. There was no significant difference in the mean age of patients by mutation status (A2142G, A2143G, and wild type). In the group of patients under 40 years of age, the rate of A2142G or A2143G was found in 1.7% and 31.0%, respectively, and in patients 40 years or older, 4.5% and 38.7%, respectively. The rate of A2142G or A2143G was found in 2.2% and 34.8% among men, respectively, and in 5.0% and 37.5% among women, respectively. There was no significant difference in the rate of each mutation by age or gender (Table 1) . There was no association between the ages of patients with the heterogeneity of A2142G mutation, but there was an association between the ages of patients with the heterogeneity of A2143G mutation. The mean age of patients with the wild-type/A2143G mutant mixture was only 38  12.3 years, while the mean age of patients with pure A2143G mutation was 46.9  13.2 years, p = 0,0282. The rate of wild-type/A2143G mixture was higher in patients under 40 years. There was no association between the heterogeneity of mutations with gender (Table 2) .
Discussion
Chronic gastritis associated with H. pylori is very common in Vietnam, a country with a medium-high gastric cancer risk. The strategy of diagnosis and eradication of H. pylori started officially nearly 25 years ago, and is now facing a big challenge due to an increasing antibiotic resistance, in particularly resistance to clarithromycin. In the last five years, the H. pylori eradication rate based on standard triple therapies, has markedly decreased in Vietnam. The H. pylori resistance to clarithromycin is probably the main reason for this decrease, but data from adequately designed population-based studies are still limited.
The bacteriostatic activity of clarithromycin depends on its capacity to inhibit the protein synthesis by binding to the 50S bacterial ribosomal subunit [6] . H. pylori resistance to clarithromycin has been associated to point mutations in 2142 and 2143 positions in the domain V of 23S rRNA gene [4, 5, 15] . In this study, the mutations of 23S rRNA gene were found in 39.7%, mainly present at position 2143 (36.1%) with substitution A2143G and at a lesser extent at position 2142 (3.6%) with substitution A2142G. These results were consistent with data obtained from other authors from studies conducted in Iran in 2011 (the rate of clarithromycin resistance was 31.7%, all of them had A2143G mutation detected using PCR-RFLP) [16] and more recently in USA in 2016 (clarithromycinresistant H. pylori was common and observed in 32.3 % of cases; the specific variants A2142G and A2143G were detected using DNA sequencing) [17] . However, the rates of A2142G and A2143G mutation in our study were significantly higher than those reported from a study conducted in Malaysia in 2010 (only one sample with A2142G mutation and two samples with A2143G mutation were found among 105 samples, accounted for only 2.9%) [18] , but significantly lower than the one in Yamade's study conducted in Japan (the mutation rate was 55.6% including 82 samples with A2143G mutation and 3 samples with A2142G) [19] .
The A2142C mutation was not found in our study, and it has not yet been found in Vietnam. In particular, in our previous study, among 35 clarithromycinresistant H. pylori strains, A2143G mutation was predominant, and neither A2142G nor A2142C were detected [10] . Our result was consistent with data from reports from many other Asian countries including Korea, China and Japan [20] [21] [22] . A multi-center study might be necessary to clarify the presence of A2142C mutation among H. pylori strains in this large continent.
Clarithromycin has been available in Vietnam since the end of the 1990's, and it has become increasingly popular in subsequent years, firstly for the treatment of upper respiratory infections and then for H. pylori eradication. This widespread use of clarithromycin and probably a suboptimal compliance from patients for many reasons (side effects, high price, and patient education), might explain the increasing resistance rate to clarithromycin in our country. This scenario warrants a suitable modification of the strategy for H. pylori eradication in Vietnam, which should include reducing or even stopping triple therapy, and encouraging quadruple bismuth containing therapy and concomitant therapy, in accordance with the recent guidelines from Maastricht 2016 [23] and from Toronto 2016 [24] .
In our study, we detected quite high rates of mixed template of wild-type and mutation, 25% overall, 50% in A2142G group and 23% in A2143G group. Presently, there is limited data about the mixture of mutant and wild-type strains published in the medical literature. Similar results have been reported from other studies from France (25% of A2142G; 18.6% of A2143G) [25] , and from Portugal (32.3% overall) [26] .
Notably, mean age of patients having pure A2143G was significantly older than mean age of patients having a mixture of A2143G mutant and wild-type H. pylori strains. This may be partially explained by a long history of antibiotic consumption in the elder group resulting in extremely high rate of mutations. Further studies about this mixture of wild-type/mutant strains, and particularly its clinical impact in H. pylori management, are warranted.
Conclusion
In conclusion, the rate of clarithromycin-resistant H. pylori in Vietnam is high and mainly associated with A2143G mutation. No A2142C mutation was detected. PCR-RFLP assay provides a rapid and cost-effective detection of clarithromycin resistance. The mixture of wild-type and mutation strains was found in 50% of specimens with A2142G mutation, in 23% of specimens with A2143G mutation. These data support further modification of H. pylori eradication strategy in our country to achieve optimal outcome.
